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THE BEST SITE ON EARTH?
W. Saunders1, J.S. Lawrence1, J.W.V. Storey1, M.C.B. Ashley1, S.
Kato2, P. Minnis3, D.M. Winker3, G. Liu3 and C. Kulesa4
Abstract. We compare the merits of potential observatory sites on the
Antarctic Plateau, in regard to the boundary layer, cloud cover, free
atmosphere seeing, aurorae, airglow, and precipitable water vapour.
We ﬁnd that (a) all Antarctic sites are likely compromised for optical
work by airglow and aurorae; (b) Dome A is the best existing site in
almost all respects; (c) there is an even better site (‘Ridge A’) 150kms
SW of Dome A; (d) Dome F is a remarkably good site except for
aurorae; (e) Dome C probably has the least cloud cover of any of the
sites, and might be able to use a predicted ‘OH hole’ in the Spring.
The Antarctic plateau probably contains the best astronomical sites on Earth,
but none of the existing bases were situated with astronomy in mind. In Saunders
et al.(2009), we use published data and models, and unpublished meteorological
and other information, to try to compare the merits of the potential sites. Here,
we summarise only the new ﬁndings and conclusions. We include boundary layer
thickness, cloud cover, auroral emission, airglow, precipitable water vapour, and
free-atmosphere seeing. We do not consider sky coverage, daytime use, existing
infrastructure, accessibility, telecommunications, or non-astronomical uses.
1 The possible sites
The existing sites we have considered are Domes A, C and F. We have also included
Ridge B, which contains a genuine peak (Dome B) at its southern end. We also
consider the ridge leading southwest from Dome A, which we call Ridge A. The
sites are marked, along with some general information, in Figure 1.
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Table 1. locations of the sites. Elevation is from Liu et al.(2001).
Site Latitude Longitude Elevation
Dome A 80.37◦S 77.53◦E 4083m
Dome C 75.06◦S 123.23◦E 3233m
Dome F 77.19◦S 39.42◦E 3810m
Dome B 79.0◦ S 93.6◦ E 3809m
Ridge A 81.5◦ S 73.5◦ E 4053m
Fig. 1. Topography of Antarctica, showing the 2010 Geomagnetic Pole (G), the various
potential sites (A, B, C, F), and other Antarctic bases. Adapted from Monaghan and
Bromwich (2008), and based on data from Liu et al.(2001).
2 Cloud cover
The only systematic long-term observations of cloud cover are from passive satellite
measurements. Figure 2(a) shows the results from an analysis of Aqua MODerate-
resolution Imaging Spectroradiometer (MODIS) imagery by the Clouds and Earths
Radiant Energy Experiment (CERES) using the methods of Minnis et al.(2008)
and Trepte et al.(2003). This indicates that (a) all the proposed sites are good,
with variations of only a few % in the clear sky fraction, and (b) the ridge of bestThe best site on Earth? 3
weather does not to go through Dome A, but is oﬀset by 1-2◦to the south.
Shorter term but more direct measurements come from the Cloud-Aerosol Lidar
and Infrared Pathﬁnder Satellite Observations (CALIPSO) experiment (Winker
et al., 2007), and are shown in Figure 2(b). This suggests that Dome C has the
least cloud cover by a large margin. Both maps agree with the ground based
measurements from Dome C, so whether this diﬀerence is due to a systematic
problem with one dataset, or just limited statistics, is not yet clear.
Fig. 2. Average winter cloud cover fraction from (a) the Aqua CERES-MODIS data for
the years 2002 – 2007, (b) CALIPSO lidar data for 2007.
3 Boundary layer characteristics
Figure 3 shows an overlay of the predicted wintertime median boundary layer
thickness from Swain and Gallee (2006a, SG06a), with the wind speed predictions
from van Lipzig et al.(2004) and Parish and Bromwich (2007). The maps are not
identical, but the diﬀerences are small. In all three maps, there is an isolated
minimum at Dome F, and a minimum running from Dome A through to Ridge B.
This katabatic ridge does not go exactly through Dome A, but is oﬀset towards
the South Pole, with minimum at ∼81.25◦S 77◦ E. The boundary layer at Dome
A itself is predicted by SG06a to be 50% worse than on the katabiatic ridge.
4 Aurorae
The Geomagnetic South Pole is currently near 80◦ S 109◦ E. Dome A, Dome C
and Ridge B are all within 6◦ of the geomagnetic pole, while the South Pole and
Dome F are much nearer the auroral oval at 10◦ and 13◦ respectively.4 Title : will be set by the publisher
Fig. 3. Overlay of boundary layer and wind speed predictions, for the high Antarctic
plateau.
Fig. 4. Average integral energy ﬂux as a function of solar activity level and geomagnetic
latitude Λ. Activity levels plotted are Kp = 0 (blue), 2 (red), 4 (orange), 6 (green).
The eﬀect of auroral activity on sky brightness for Antarctic sites was investi-
gated in detail by Dempsey et al.(2005, D95). They determined that at the South
Pole, auroral emission was a signiﬁcant, but not catastrophic, issue for sky-limited
optical astronomy, being brightest at solar minimum. Unfortunately, D95 contains
an error in the geomagnetic latitude of all the sites considered, so the extrapola-
tion to other sites is incorrect. We have repeated the exercise in that paper, using
the empirical ﬁts of Hardy et al.(1991) to predict the auroral contribution at other
sites. Figure 4 shows the auroral ﬂux, logarithmic averaged over local time, as
a function of geomagnetic latitude and solar activity level. For |Λ| > 77◦ , the
auroral ﬂux is anti-correlated with solar activity level, as seen by D95.
we ﬁnd that Dome A, Dome C and Ridge B all have remarkably constant, and
similar, average auroral contribution to the sky brightness, at a level corresponding
to an increase in sky brightness of almost a factor of 2 at B, and about 20-30%
at V , compared with the best temperate sites. The diﬀerence between these three
sites is small, though Dome C is marginally the worst. The optical sky brightness
at Dome F is dominated by aurorae most of the time.
5 Airglow
The models of Liu et al.(2008) for OI and OH airglow emission show large vari-
ations with latitude. Average winter values are shown in Figure 5, and show (a)
the predicted OI emission is very strong in Antarctica in winter; (b) the Antarctic
winter OH emission is ∼30% higher than temperate sites; (c) there should be a
striking ‘OH hole’ over Antarctica in late Spring, with OH emission almost an or-
der of magnitude less than at temperate sites. If conﬁrmed, would be a signiﬁcantThe best site on Earth? 5
extra advantage for Antarctic astronomy, since ﬁelds could be observed in J and
H bands with a sensitivity comparable with Kdark . However, the amount of dark
time so late in the year is very limited and strongly latitude dependent; Dome C
is really the only site able to make use of this hole, and then for ∼100 hours/year.
Fig. 5. Predicted average (a) OI 557.7nm and (b) OH (8-3) night time emission as a
function of latitude and month, from the models of Liu et al (2008). Units are Rayleighs.
6 Free atmosphere seeing
Estimating the free seeing directly from meteorologicaldata is extremely uncertain,
because the seeing is in general caused by turbulent layers much thinner than the
available height resolution. However, the importance of the free seeing makes
it worthwhile to attempt some estimate of its variation between diﬀerent sites,
however crude.
Our method is laid out in Saunders et al.(2009). In summary, (a) we determine
the expected dependence of C2
n on temperature, wind velocity gradient, and poten-
tial temperature gradient; (b) we make the very crude, but reasonable, assumption
that the wind speed gradients are proportional to the wind speeds themselves –
that is, that the atmosphere shows self-similar behaviour, with some ﬁxed (though
unknown) dependence between wind speed and its vertical gradients; (c) we use
the NCAR/NCEP reanalysis data (Kalnay et al., 1996) for winter 1990-2008 to
derive temperature and windspeed proﬁles everywhere over Antarctica; (d) we use
the average winter C2
n proﬁle of Trinquet et al.(2008, T08) as a template; (e) we
are then able to synthesise an average winter C2
n proﬁle at all locations by scaling
the T08 proﬁle according to the velocity and temperature proﬁles at that location;
(f) we then integrate up the resulting C2
n proﬁle, to get maps for the free seeing
ǫ0, the isoplanatic angle θ0, and also the coherence time τ0 (Figure 6, Table 2).
The model predicts that (a) the best free seeing is at South Pole; (b) Dome A
is signiﬁcantly better than Dome C, especially for the coherence time; (c) Dome F
is very nearly as good as Dome A; (d) Ridge A is signiﬁcantly better than Dome A,6 Title : will be set by the publisher
Fig. 6. (a) Predicted free seeing, (b) isoplanatic angle, and (c) coherence time. Orienta-
tion is 0E along the x-axis. The dashed lines show latitudes -60
◦ and -75
◦ .
Table 2. Predicted free seeing, isoplanatic angle, and coherence time, and the resulting
‘coherence volume’ for the various sites, using the model described in the text.
Site ǫ0 (′′ ) θ0 (′′ ) τ0 (ms) θ2
0 τ0/ǫ2
0 (s)
South Pole 0.186 5.43 18.8 16.0
Dome A 0.218 5.57 16.0 10.4
Ridge A 0.208 6.29 17.6 16.1
Dome C 0.261 3.39 8.44 1.42
Dome F 0.209 5.17 15.4 9.42
Ridge B 0.234 4.07 11.1 3.36
and almost as good as the South Pole. Table 2 also shows the ‘coherence volume’
θ2
0 τ0/ǫ2
0 (e.g. Lloyd 2004), with order of magnitude predicted diﬀerences between
the Dome C and the best sites.
But, like Hegelin et al.(2008), it predicts better free seeing for South Pole
than for Dome C, in disagreement with the balloon data of Marks et al.(1999) vs
T08. We note that Lascaux et al.(in preparation) have undertaken simulations
of individual daily C2
n proﬁles at Dome C, in impressive agreement with the T08
data. This oﬀers the likelihood of much more sophisticated predictions, in the
near future, for the comparative seeing of the various sites.
7 Precipitable water vapour
Swain and Gallee (2006b, SG06b) made a map of the predicted averageprecipitable
water vapour (PWV). They predicted a minimum between South Pole, Dome A,
and Dome F, with Dome C about two times worse than Dome A.
The MHS experiment on the NOAA-18 satellite allows estimation of the daily
PWV directly for the whole of Antarctica. The statistics for the various sites
are shown in Table 3. The agreement with the SG06b predictions is quite good,
though the diﬀerence between Dome A and Dome C is not as large as predicted.The best site on Earth? 7
Ridge A again emerges as a signiﬁcantly better site than Dome A.
Table 3. PWV measurements from the MHS sensor, for 2008. Units are microns.
Site Annual Winter Winter Winter Winter
median median 25% 10% σ
South Pole 437 324 258 203 133
Dome C 342 235 146 113 122
Dome A 233 141 103 71 65
Ridge A 210 118 77 45 64
Dome B 274 163 115 83 67
Dome F 279 163 114 90 98
Figure 7 shows the 2008 daily PWV for Dome A and Dome C. The values for
the two sites are very strongly correlated, and it is rarely that Dome C has the
lower value.
8 Discussion
The results on aurorae and airglow suggest that the dark-time optical sky bright-
ness is higher in Antarctica than at temperate latitudes. The increase is not large
enough to rule out interferometric or time-series observations, but makes Antarc-
tica less attractive for sky-limited optical observations.
The cloud cover, surface temperatures, and katabatic and free atmosphere
winds all have minima oﬀset from Dome A towards the South Pole, albeit by
varying amounts. Dome A is right on the northeast end of a very ﬂat plateau
(Figure 8). This is unlucky, as the better conditions are at the other end of the
plateau. In particular, there is a perfectly ﬂat spur which ends at (-81.5◦S 73.5◦E
4053m), 144km from Dome A but only 30m lower. This latter site, which we call
Ridge A, looks to oﬀer signiﬁcant advantages over Dome A in terms of weather,
seeing, PWV, surface and high altitude wind speeds.
Dome F emerges from this study as an excelent site, except for aurorae. The
PWV is not quite as good as Dome A, but the boundary layer, temperature, seeing,
and weather characteristics are all comparable.
Dome C has probably the best weather, and is the only site able to use the
predicted OH hole in the spring. The boundary layer, predicted seeing, and PWV
are all signiﬁcantly worse than Domes A or F.
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